Introduction
In recent decades, the food industry has been meeting the growing demand of consumers in search of foods that have benefits that go beyond their nutritional value, and this sector has generated billions of dollars in the global market. Lifestyle, the convenience and speed of the preparation and the modification of eating habits among the population all reflect the increasing incidence of chronic diseases caused by eating high-calorie foods and a lack of exercise.
Advances in food science knowledge have become available to demonstrate the function and mechanism of action of bioactive compounds, and they support the inclusion of ingredients and the design and development of foods that contribute to a healthy diet that is associated with a healthy lifestyle. Although functional foods should be consumed as such and not in the form of supplements or capsules, the introduction of bioactive ingredients or components into the formulation and processes of these supplements can be a tool for industry innovation and contributes to the ability to offer products with additional quality.
Traditionally, dairy products were associated with health benefits, and in part, they still have this status; thus, innovations in this area are generally associated with the use of lactic acid bacteria (LAB) or products containing probiotic microorganisms or the addition of functional ingredients and bioactive metabolites. Various procedures, such as encapsulation, could be used to protect and maintain the viability of microorganisms in foods. There is a tendency towards the use of cheap and sustainable new materials with properties consistent with ingredient control release.
The concept of functional starter cultures that per se may not be probiotics but may improve product quality or result in physiological effects for the consumer is a possibility that should be explored. In addition to the probiotic properties, other choices include the use of in situ cultures that inhibit pathogenic contaminants by antimicrobial action; degrade or remove toxic compounds; produce vitamins or exopolysaccharides (EPSs); contribute to viscosity, body or texture; and facilitate adherence to specific sites in the host.
The action of binding EPS mucoid bacteria to the protein matrix results in increased viscous behaviour, and some EPSs produced by LAB are beneficial to health due to their prebiotic and hypocholesterolemic effects, immunomodulation ability or anticancer activity. Confirming these observations, some authors reported that the production of exopolysaccharides by certain bifidobacteria can increase the viscosity of fermented foods, contributing to the rheological properties, and therefore can be considered to be natural additives preferred by consumers that can replace plant or animal stabilisers.
The use of the special characteristics of LAB to potentiate their effects in foods or food supplies to vegetarians and people with dietary or religious restrictions provides an alternative to differentiated products. This category includes foods that are lactose free, have an increased fibre content, are free of animal products, and have an increased amount of antioxidant bioactive compounds (e.g., isoflavones, aglycones, oligosaccharides). Fruits and vegetables contain high levels of beneficial substances (e.g., antioxidants, vitamins, fibre and minerals), and the addition of LAB and probiotics can add more features. The knowledge of their behaviour in fruit and vegetable matrices as vehicles for the use of probiotics or bioactive ingredients is fundamental and still largely unexplored in the literature or in industrial processes.
There is, however, a need for the emerging pressure or process as a whole to be consistent with sustainable practices throughout the production chain in terms of the economic, environmental or social issues. Each step of the process that adds value to a product or avoids the generation of waste or effluent will be in agreement with the goals of clean production. This chapter will focus on the recovery of by-products and innovative uses of plant materials and the strengthening of the resources for and beneficial effects of combining foods to obtain value-added functional products and offer alternatives to consumers searching for ways to improve their health through specialty foods.
Antioxidants from plant sources
In recent years, natural compounds have generated great interest due to the correlation between carcinogenic effects and the ingestion of synthetic compounds. Natural compounds such as phenolics, carotenoids and organic acids are widely found in plants and vegetables and have been the target of numerous studies because they exhibit strong antioxidant activity in addition to the ability to reduce the incidence of cancer in humans [1] [2] [3] [4] .
There is an equilibrium between the antioxidant defence system and the pro-oxidants in the human body, which are mainly reactive oxygen species (ROS) and reactive nitrogen species (RNS). The majority of reactive species (RS) originate in endogenous metabolic processes, whereas exogenous sources may include excess iron or copper in the diet, smoking, exposure to environmental pollutants, inflammation, bacterial infections, radiation, prolonged emotional stress and unbalanced intestinal microflora. The abnormal formation of RS may occur in vivo and cause damage to lipids, proteins, nucleic acids or carbohydrates in cells or tissues, and an imbalance with regard to pro-oxidants gives rise to oxidative stress (OS) [5] .
Antioxidants impede or delay the in vivo oxidation reactions of lipids and other molecules or foods, inhibiting or retarding the chain propagation of free radicals generated by oxidation, such as hydroxyl radicals (•OH). In general, antioxidants are aromatic compounds that possess at least one free hydroxyl; they may be synthetic, such as BHA (butylhydroxyanisole), or natural, such as terpenes and phenolic compounds [2, [6] [7] [8] [9] .
Many studies have demonstrated that the consumption of antioxidants in food reduces the effects of the oxidative processes that naturally occur within the organism, aiding the natural endogenous protection mechanisms, such as the activities of superoxide dismutase, catalase and peroxidase, which together with vitamins E, C and A; enzymes; and other antioxidants and reduced glutathione (GSH) constitute the integrated antioxidant defence system (IADS) of the human body [4, 5, [7] [8] .
Flavonoids belong to the polyphenol group, which can be further divided into 11 smaller classes, including isoflavones, anthocyanins, flavans and flavanones. Their basic structure ( Figure 1 ) comprises a flavone nucleus with 2 benzene rings (A and B) bonded to a heterocyclic pyran ring (C) [10, 11] . General structure of a flavonoid [10] Isoflavones are phenolic compounds found mainly in beans and soybean derivatives and vary in concentration from 0.1 to 5 mg/g. They are distinguished by the substituents on the benzene ring, which are classified into 4 distinct forms: β-glycosides (daidzin, genistin and glycitin), acetyl-glycosides (acetyldaidzin, acetylgenistin and acetylglycitin), malonyl-glycosides (malonyldaidzin, malonylgenistin and malonylglycitin) and aglycones (daidzein, genistein and glycitein). As a result, there are a total of 12 different forms, with the β-glycoside forms bonded at position 7 of the benzene ring to a glucose molecule (Figure 2 ). The consumption of isoflavones is related to the prevention of several diseases, such as breast cancer, colon cancer and cardiovascular problems. In a study performed by Silva, Carrão-Panizzi and Prudêncio (2009) comparing different varieties of soybean, the authors found a prevalence of glycosidic and malonyl-glycosidic isoflavones in the beans, with higher levels of the aglycone forms in the BRS 267 soybean variety with cooking [10, [13] [14] [15] .
According to Arora, Nair and Strasburg et al. (1998) , all isoflavone forms display antioxidant action, which varies widely according to the structure. In addition, the genistein form, with hydroxyl groups at positions 5, 7 and 4, has a greater antioxidant strength, which is evident by its structure, as shown in figure 2 . According to the authors, there was a significant increase in aglycone isoflavones (daidzein and genistein) and a reduction in glycosilades (daidzin and genistin) with a longer exposure time to the fermentation process. This trend was reflected in the antioxidant activity, with the greater antioxidant capacity displayed by samples with a longer fermentation time due to an increase in the aglycone forms. These results were similar to those found by Barbosa et al. (2006) , who evaluated the isoflavone profile and the amount of phenolic compounds in different soybean-based products and the influence of these products on the antioxidant capacity. Their results showed that the antioxidant capacity is related not only to the amount of total phenolic compounds but also to the amount and forms of the aglycones and the types of conjugation.
However, anthocyanins are considered to be natural pigments, as they exhibit colours that are visible to the human eye and may be found in flowers, fruits and vegetables. Anthocyanins belong to the flavonoid group and are not synthesised by the human body; when ingested, they help the immune system by decreasing the action of radicals formed during respiration, and they are naturally found in several plants [19, 20] .
Anthocyanins are glycosides of anthocyanidins ( Figure 3 ) and may have different sugars bonded to their ringed structure. They are classified as mono, di or triglycosides, and the diglycoside and triglycoside forms are more stable than the monoglycoside forms. They display colour variations according to their structural forms, pH value, number of hydroxyls and methoxyls and temperature [21] [22] [23] . General structure of an anthocyanin [23] According to Levi et al. (2004) , there may be 4 structures in an aqueous medium depending on the pH value: the flavylium cation, the quinoidal base, carbinol and chalcone ( Figure 4 ). of the fresh weight, respectively; all samples exhibited high activity in the DPPH tests and were effective antioxidants for the emulsion of methyl linoleate and human LDL. Rufino et al. (2010) studied the antioxidant strength of açaí (Euterpe oleraceae) with the aim of using it in functional foods and dietary supplements and found an antioxidant capacity for acai oil in the DPPH assay that was higher (EC50=646.3 g/g DPPH) than the value for virgin olive oil (EC50=2057.27 g/g DPPH), indicating its considerable potential for nutritional and health applications.
Non-dairy matrices as vehicles for probiotics and viability
Currently, there is increasing consumer interest in probiotic foods as an alternative to improve health. The majority of probiotic products found on the market are milk based, including milk drinks, yogurts, cheese and ice cream. Despite being an ideal substrate for the growth of these microorganisms, dairy products have several disadvantages, such as the need for refrigerated transportation, their cholesterol content and the restriction of their consumption to individuals who are not intolerant of or allergic to the products [27] .
Thus, the development of new alternatives for consumption has increasingly earned the attention of the scientific and industrial communities, and new products, such as those based on soybeans, cereals, fruits, vegetables and meats, are being developed as potential carriers. In addition, these non-dairy matrices contain reasonable amounts of carbohydrates, fibres, proteins and vitamins, which may beneficially favour the growth and maintenance of the probiotics [27] .
The viability and stability of probiotics have been a formidable market and technological challenge for food producers, given that probiotic foods should contain specific lineages and maintain an appropriate level of viable cells during the product's shelf life. Before they reach consumers, probiotics need to be produced under industrial conditions and maintain their functionality during storage in the form of a starter culture. Then, they need to be able to survive the processing of the food to which they are added. Finally, when ingested, the probiotics need to survive under the harsh conditions of the gastrointestinal tract and perform their beneficial effects in the host. In addition, they must be incorporated into the foods without producing unpleasant flavours or textures [28] .
The application of probiotics in non-dairy matrices must be evaluated, given that several factors may influence the survival of these organisms and their activity when they pass through the gastrointestinal tracts of consumers. The following are among the factors that should be considered: the physiological state of the added probiotic organism as a function of the logarithmic or stationary growth phase; the appropriate concentration of viable cells in the product at the time of consumption; the physical conditions, such as low temperatures, during product storage; and the chemical composition of the product to which the probiotic is added, such as the pH, water content and amounts of carbon, nitrogen, minerals and oxygen [29] .
Alternative vehicles for the incorporation of probiotic microorganisms may be fruits and fruit juices, but maintaining their viability is challenging because the pH of fruits and fruit juices is frequently low (< 4.0). They also contain antimicrobial substances. To minimise these factors, fruit juice may be formulated to have a higher pH value and smaller amounts of antimicrobial substances [30] . Sheehan, Ross and Fitzgerald (2007) evaluated the survival of several probiotic lineages in orange, pineapple and cranberry juices and observed that in addition to the juice's pH, the probiotic lineage and type of fruit also influenced the counts of the final product.
Pereira, Maciel and Rodrigues (2011) obtained a survival value of 8 log UFC/mL of L. casei in fermented cashew juice when the initial pH was 6.4 and the fermentation temperature was 30ºC. Yoon, Woodams and Hang (2004) also reported viable cell counts of more than 8.0 log CFU/mL in tomato juice. In addition, L. acidophilus, L. plantarum, L. casei and L. delbrueckii were capable of rapidly using this juice for cellular synthesis without nutrient supplementation. In another study by the same researchers, the fermentation of beets by probiotic bacteria was also investigated, and the authors observed a cellular survival of 10 9 UFC/mL of juice after 48 hours of fermentation in this substrate [34] .
Lima, (2010) studied the behaviour of probiotic microorganisms in different tubers. Beetroot (Beta vulgaris) displayed the best survival results compared with sweet potato and arracacha. Upon adding pure betaine to the samples before fermentation and dehydration to supplement the amount of betaine already present in beetroot, the counts of L. plantarum and L. rhamnosus (LPRA Clerici-Sacco culture) were maintained at 8 log CFU/g of dehydrated sample ( Figure 5 ).
To increase the robustness of the probiotic lineage of Lactobacillus salivarius UCC118, Sheehan et al. (2007) in a previous study cloned the betL gene of Listeria monocytogenes enables the system to capture or accumulate compatible solutes, such as betaine. BetL increases the tolerance to salt, low temperature and pressure stress as well as increases the viability of the probiotic in foods. In addition to studies focusing only on the survival of probiotics in alternative matrices, for these products to be fit for human consumption and compatible with industrial production, evaluating the sensory quality of the formulated products is important. In this context, Ellendersen et al. (2012) developed and optimised a probiotic drink composed of apple juice and established the sensory profile using quantitative descriptive analysis (QDA). Sensorially, apple juice recently fermented with L. casei was characterised as having a thick texture and sweet flavour, but at 28 days of storage, a sour taste was observed by the tasters. When the fermented drink was tested by potential consumers, a rate of 96% acceptance was obtained, indicating that apple juice may be a medium for the inclusion of probiotics. Baptista, (2010) used orange peels with a pectin content of 19.3% (p/p) and a subsequent fermentation by a starter culture (Lyofast M36 LV) of kefir in milk serum and dehydrated the product, which was used to produce a cereal bar. An average acceptance rate of 6.97 (in a structured Hedonic scale of nine points) for samples without the peel and 6.90 for samples containing the dehydrated probiotic was obtained (the samples did not differ between one another at a level of p<0.05). The counts of Lactococcus lactis found in the product were 5.4x10 7 CFU/g. Cereals are considered one of the most important sources of proteins, carbohydrates, vitamins, minerals and fibres. The traditionally fermented products of cereals exhibit modified textures, tastes, aromas and nutritional qualities and are widely consumed in Asia, Africa, South America and India. The fermentative process of these foods, in addition to improving the nutritional value, contribute to increasing its preservation via the production of alcohols and acids and reduction in the amount of toxic substances and cooking time for the cereal [29] .
According to Charalampopoulos et al. (2002) , the possible applications of cereals or cereal constituents in the formulation of functional foods may include the following: (a) as a fermentable substrate for the growth of probiotic microorganisms, especially lactobacilli and bifidobacteria; (b) as a dietary fibre promoting various beneficial physiological effects; (c) as a prebiotic due to its specific non-digestible carbohydrate content; and (d) as encapsulating materials for probiotics to increase their stability.
Thus, several studies have been performed to bind probiotic microorganisms to cereal matrices. Charalampopoulos, Pandiella and Webb (2003) verified the viability of Lactobacillus plantarum, L. acidophilus and L. reuteri in extracts of malt, barley and wheat for 4 hours in a phosphate buffer with an acidity of pH 2.5. They observed that these cereals displayed a significant protective effect toward the viability of these microorganisms, which may mainly be attributed to the amount of sugar present in these extracts. In 2010, Charalampopoulos and Pandiella evaluated the survival of Lactobacillus plantarum in extracts of barley, wheat and malt that were produced in suspensions of flour/water at concentrations of 5%, 20% and 30%, fermented for 24 hours at 37ºC and stored at 4ºC for 70 days. The authors observed that the cells displayed greater survival when they were stored in a medium containing malt extract, and this result was attributed to the higher concentration of sugar and the presence of other unidentified compounds.
Rathore, Salmerón and Pandiella (2012) used malt, barley and a mixture of malt and barley as substrates in the fermentation of Lactobacillus plantarum and Lactobacillus acidophilus with the objective of evaluating the influence of the lineages and the matrices used for the production of a probiotic beverage. The authors observed that a higher level of cellular growth was obtained in the medium that contained malt. In addition, these results suggested that the functional and sensory properties of probiotic beverages based on cereals may be considerably modified by changes in the composition of the substrate or the inoculum.
Oats, one of the major sources of beta-glucan, are commonly used in studies with probiotics. Another interesting application of probiotic microorganisms would be the enrichment of chocolate. With the development of technologies modified and adapted to maintain cells, this process may contribute toward increasing the benefit of this product for human health and increasing the consumption of probiotics by children, given that chocolate is one of their favourite products. For this combination to be successful, the sensory attributes of chocolate must remain unaltered, and the probiotic population must remain viable during commercialisation [44] .
Finally, the application and development of new probiotic products of a non-dairy origin continue to grow. In light of the studies that have been presented by the scientific community, minimising the difficulties found in the application of these microorganisms in other food segments is possible.
Non-traditional fermented soybean-based products
Soybean is a plant that has been consumed since ancient times and is known worldwide for its nutritional benefits; it has a composition of approximately 40% proteins, 35% carbohydrates, 20% lipids and 5% ash [10] . In addition, soybean contains a considerable amount of components that are beneficial to health, such as fibres, isoflavones, essential fatty acids and oligosaccharides.
Traditionally, soybean-based products may be fermented by bacteria and/or fungi, with the most well-known being koji, shoyu, miso, tempeh, natto and sufu. These products are traditionally consumed by the East Asian population and represent an important source of dietary protein.
The search for foods that offer health benefits in addition to basic nutrition has promoted the development of new products that are based mainly on soymilk, which is obtained from the aqueous extraction of the bean's components. Soymilk possesses a chemical composition and appearance similar to those of animal milk and constitutes an appropriate substrate for fermentation; it contains, on average, 3.6% protein, 2.0% lipids, 2.9% carbohydrates and 0.5% ash [10] . Although studies have shown an increase in the consumption of soymilk, there are still technological limitations with regard to its sensory characteristics due to the perception of undesirable flavours that were inherent in the extract or that were formed during the processing [45, 46] . Fermentation, especially by lactic bacteria, has been used to improve the flavour and increase the acceptability of soymilk and sometimes, to decrease the levels of saponin, phytate and oligosaccharides [47, 48] .
Soybean-based products that are analogous to the products derived from milk have been developed and are widely consumed. In general, these products are not cheaper than dairy products, yet they meet the growing demand for lactose-and cholesterol-free products. The main products developed in this segment are beverages, yogurt and cheese made from soybean, which are sought by consumers looking for healthier foods. The fermentation of soymilk by lactic bacteria, in addition to increasing shelf-life, is aimed at obtaining products with flavours and textures that are more acceptable to consumers [47] . In general, the microorganisms that are utilised are capable of using soybean sugars, or sucrose may be added as a substrate for fermentation. Table 1 shows several non-traditional fermented soybean products and the respective microorganisms used in their production. 
Product

Microorganisms used Reference
Soy yogurt
Fibre in non-traditional fermented soybean-based products
The development of ingredients and products rich in fibre has significantly increased and involves the incorporation of fibre into a wide variety of products, including those made from soybean, with the aim of improving the dietary habits of the population.
In addition to performing physiological functions that are beneficial to the human body, when added to food products, fibre may change the sensory characteristics and consumer acceptance as well as the product's cost and stability. The addition of fibre may affect the processing and handling of the products, with changes in the viscosity, texture, creaminess, syneresis, acidity, colour and other characteristics [49] . In fermented foods, fibre may change the fermentative ability of the products and, in some cases, may protect probiotic microorganisms under stress conditions. Soluble fibre can also be fermented by bacteria in the colon, giving rise to short-chain fatty acids, mainly acetate, propionate and butyrate. In contrast, insoluble fibres are not very fermentable. Furthermore, some types of fibre may act as prebiotics, selectively stimulating the growth of some probiotic microorganisms.
The main types of soluble fibre added to products include pectin, inulin, oligofructose, gums, β-glucan and some non-digestible oligosaccharides. Insoluble fibre mainly comprises cellulose and hemicellulose, with the most common sources being legumes and cereals, such as soybean, rice, corn, oats and wheat. In general, some sub-products have been used as an alternative for the incorporation of fibre into products as in the case of okara, which is the residue from producing soymilk and has a significant amount of fibre and other important compounds, such as proteins and isoflavones.
In fermented soybean products, the addition of inulin and oligofructose in soybean yogurt has been reported [50] , and soybean, oat and wheat fibre have been added to soybean kefir [49] . In the soybean product fermented with kefir, the soybean fibre stimulated the growth of a probiotic microorganism and promoted an increase in firmness and viscosity and a decrease in the synerisis of the product. Yeo and Liong (2010) supplemented WSSE with the prebiotics maltodextrin, pectin, inulin and fructooligosaccharides and observed an alteration in the lactic bacteria count and other characteristics. Therefore, it is possible different uses of soybean in human food, including being a source of fibre and providing foods with high nutritional value to meet the population's demand for healthy foods.
Products developed for individuals with celiac disease
Increasing our knowledge on the relationship between diet and health has caused consumers to look for high nutritional value, additional health benefits, convenience and pleasant sensory characteristics in processed products. In addition to this demand, a portion of the population is allergic to gluten. For this group, the treatment is essentially based on diet modification, which consists of eliminating gluten. The appropriate foods for individuals who are allergic to gluten are restricted and normally expensive, given that during processing, naturally gluten-free products may experience contamination that is unacceptable for those with celiac disease.
Celiac disease (CD) is an immune-mediated enteropathy triggered by the ingestion of wheat gluten (Triticum aestivum and T. durum) and similar proteins from rye (Secale cereale) in genetically susceptible individuals. During proteolytic digestion, prolamins (secalins) from rye and those in a subgroup of wheat (a-, b-, g-and w-gliadin) release a family of polypeptides rich in Pro and Gln that is responsible for the auto-immune response in celiac enteropathy [51] . The disease corresponds to hypersensitivity to gliadin (protein portion of gluten), which may be found in wheat, rye, barley and oat, and this hypersensitivity is marked by intense inflammatory processes. The consumption of cereals that contain gluten by individuals with celiac disease harms the small intestine [52] , causing atrophy and a flattening of the intestinal villi, thereby leading to a limitation of the area available to absorb nutrients, among other manifestations. Situations such as travelling, eating outside the home and even enjoying relationships with friends and families may represent difficulties for celiac sufferers, thus interfering in their social lives [53] . With this disease, the processes of digestion and absorption may be compromised due to the increase in the immune activation of the intestinal tract. Celiac disease is one of the main causes of malabsorption in developed countries [54] .
Therefore, there is a search for healthy foods that contain a variety of sensory attributes to allow for the possibility of providing a diverse selection of these foods. However, even with these possibilities, the celiac population is deprived of the consumption of many foods given that the formulations contain cereal-derived ingredients that contain gluten, such as oat flakes, wheat flour and malt.
Therefore, the development of new products for this population is essential, which may be performed by incorporating ingredients that contribute to an increase in mineral absorption, such as the fructans of inulin and oligofructose and other gluten-free bases. Fructans are soluble dietary fibres that may contribute to an increase in the absorption of minerals through colonic absorption [55, 56] ; this effect may be especially important for those with celiac disease, given that the absorption of calcium in the small intestine is impaired in these individuals [57] . Capriles and Gomes Arêas (2010) developed amaranth bars with different flavours through the addition of inulin and oligofructose and observed that the amaranth bars enriched with these fructans may contribute to greater compliance by those with celiac disease to a gluten-free diet and help increase the absorption of calcium. These bars also have a reduced energy content and a high fibre content.
Other alternatives available for the celiac population include the substitution of the wheat flour that is present in several foods, such as breads, cakes, biscuits and pasta, with a mixture of flours that contain rice cream, tapioca flour, potato starch or corn starch, among other products.
Also notable is the use of soluble fibre such as Psyllium -Plantago ovate [59] . The main component of psyllium is mucilage (made up of slightly branched polysaccharides, found in algae and seeds), which represents 10 to 30% of its structure. These types of fibre also contain lipids, proteins, oxalic acid and the enzymes invertase and emulsin. Psyllium is considered to be a prebiotic food and is used either pure or in preparations to improve intestinal constipation [60] . With the double function of substituting for wheat in the development of special foods, psyllium has been added to bread dough, which is traditionally made with wheat flour, to improve the characteristics obtained via water retention and gelatinisation [61] .
In a study performed by Zandonadi, 2006 , psyllium was added to breads, biscuits, pasta, cake and pizza dough, and these products could be classified as foods for special purposes because they reduce the gluten fraction and exhibit good acceptability both by those with and without celiac disease. In addition, they reduce the lipid fraction and thus the product´s energy values.
Given the importance of seeking alternatives that promote sensory and functional characteristics that are similar to those of products prepared with gluten, Stork et al. (2009) studied two protein and transglutaminase sources in bread from rice flour to produce a better-quality bread. They observed that rice flour may be enriched with albumin and casein modified by transglutaminase to improve the bread's nutritional quality.
Figueira et al. (2011) evaluated the characteristics of gluten-free breads produced with rice flour and enriched with the microalga Spirulina platensis, which is a microalga that has an appropriate composition for use as a food complement, that have a possible use in combating malnutrition [65] . The dry composition of Spirulina platensis contains high amounts of proteins (64-74%), polyunsaturated fatty acids and vitamins [66] and contains antioxidant compounds [67] . This microalga is classified as GRAS ("generally recognised as safe") by the FDA, which ensures it can be used as a food without health risks [68] . The authors recommend the use of S. platensis for the enrichment of gluten-free breads made from rice flour using a suggested microalga concentration of 3%, and these bread are appropriate for celiac patients.
In a study on quinoa flour, Berti et al. (2004) evaluated the triglyceride and free fatty acid levels and glycaemic and insulinaemic responses in individuals with celiac disease and showed that the foods prepared with quinoa flour resulted in improved measures for all of these factors compared with the foods prepared with common flours. They also found that satiety was higher in the ingestion of products prepared from quinoa flour.
The use of kefir, which may act as an anti-inflammatory agent, may provide satisfactory results in patients with celiac disease. For these individuals, kefir may help to combat the nutritional deficiencies resulting from the reduction in intestinal villi because kefir is rich in vitamin B12, thiamine and potassium, which increase the absorption of the vitamin B complex [70, 71] .
Mixtures of several LAB were capable of hydrolysing 109 out of 129 ethanol-soluble polypeptides of rye, and De Angelis et al. (2006) concluded that long-term fermentation by selected LAB may be a potential tool to decrease the risk of contamination with rye in glutenfree products for patients with celiac disease.
Food Industry
Green banana flour may also be an alternative for the celiac population because the cost is not high, it is easy to prepare, and it exhibits a high amount of resistant starch, approximately 74% of its composition. This high level of starch is related to its glycaemic index and ability to reduce cholesterol levels and promote gastric fullness and intestinal regulation, and its fermentation by intestinal bacteria produces short-chain fatty acids that may prevent the emergence of cancer in intestinal cells [72] . Given these observations, Zandonadi (2012) evaluated the development of a gluten-free pasta alternative for those with celiac disease using green banana flour and demonstrated good acceptance without compromising the product while imparting important nutritional characteristics.
However, in foods that are thermally processed, especially breads, the lack of gluten represents a challenge in maintaining good sensory qualities, especially in the structure or softness during storage. The use of fermented dough (sourdough) by baker's yeast resulted in an improvement of the texture and effectively delayed the hardening of the gluten-free breads [74] . Fermented doughs also provided the breads with characteristics such as starch digestibility and low glycaemic responses, thereby proving to be a promising procedure in the improvement of the texture of gluten-free breads for those with celiac disease [75] . Galle et al. (2012) studied the influence of the in situ formation of EPS from LAB on the rheology of the dough for gluten-free sorghum bread. Among the EPSs, dextran improved the texture quality of the bread in addition to contributing to the nutritional benefits.
Therefore, the search for and development, market availability, diversification, cost compatibility and even improvement of already existing products for the celiac population all need to increase not only to improve the selection or consumption of these foods but also to ensure a better quality of life for the individuals who require a gluten-free diet.
Probiotics, metabolic action and vehicles of bioactive compounds
Through fermentation, toxic compounds may be hydrolysed and transformed into derivatives that are more or less absorbable or less toxic. Several studies describe the reduction of toxic or mutagenic compounds following fermentation or in the presence of microorganisms. In most cases, the microbial cells adsorb these compounds, and this process is normally increased with thermal treatment of the cells; the result is the possibility of reducing or degrading the compounds, but this latter mechanism is still not yet completely understood. Franco et al. (2010) observed a gradual increase in the reduction of the percentage of deoxynivalenol in solution depending on whether the LAB cells were viable or thermally inactivated (Table 2 ).
Other toxic compounds that could be degraded with this approach are toxins produced by algae. Considering the increase in the occurrence of cyanobacterial blooms and the possibility of metabolites being released into water supply sources used for human consumption, Guergoletto et al. (2010b) studied the microcystin (MC) biodegradation activities of microorganisms in water ( Figure 6 ). Their work evaluated the use of the probiotic bacteria Lactobacillus acidophilus (La-5) and Lactobacillus casei (LC-1) and kefir grains for MC degradation over time. The mixtures were maintained at 27°C and 100 rpm, and samples were collected at 0, 12, 24, 48, 72 and 96 h to determine the level of MCs by immunoassay ELISA. The results indicated that the highest degradation percentage was obtained for kefir grains, reaching 60% and 62% of the total MC degradation for Microcystis sp. and NPLJ4 extracts, respectively, followed by the La-5 strain with levels of 43% and 51%. For LC-1, the degradation activities were 20% and 34% for Microcystis sp. and NPLJ4 extracts, respectively, but significant cellular growth was not verified when compared with the La-5 strain (Figures 7A and 7B ). The results correspond to the average of duplicates ± standard deviation. Averages ± standard deviation in the same column followed by the same lowercase letter do not differ at p≤0.05. Averages ± standard deviation in the same line accompanied by the same uppercase letter do not differ at p≤0.05.**Viable cells were separated by centrifugation (5 ºC/ 3000 g/ 10 minutes), washed in PBS pH 7.2 and ultrapure water, resuspended in DON solution with ultrapure water at a concentration of 1500 ng ml -1 and incubated at 37±1 ºC for 4 hours.***Nonviable cells following pasteurisation (100 ºC/ 30 minutes) were separated by centrifugation, washed in PBS pH 7.2 and ultrapure water, resuspended in DON solution with ultrapure water at a concentration of 1500 ng ml -1 and incubated at 37±1 ºC for 4 hours.****Nonviable cells following sterilisation (121 ºC/ 15 minutes) were separated by centrifugation, washed in PBS pH 7.2 and ultrapure water, resuspended in DON solution with ultrapure water at a concentration of 1500 ng ml -1 and incubated at 37±1 ºC for 4 hours. Mutagenic or carcinogenic activity in the caecal or urinary structures may be reduced by the consumption of L. casei shirota (LcS). A mechanism to explain the production of mutagenic substances was described by an in vitro study [79] in which the LcS was capable of strongly adsorbing and inactivating mutagenic pathogens and carcinogens, such as 3-amino-1,4 dimethyl-5H-pyrido (4,3-b) indole-trp-P-1 and 3-amino-1-methyl 5H pyrido (4,3-b) indole-trp-P-2. LcS also has the ability of binding aflatoxin, a known carcinogen produced by fungi [80] . Free radicals, especially those belonging to the family of ROS, are increasingly implicated or recognised as the cause of aging and in the pathogenesis of different diseases, such as cancer. Oxidative damage to the cellular molecules caused by chain reactions of free radicals may be combatted by antioxidants or by free-radical-sequestering agents. The use of natural antioxidants with less harmful effects and better bio-acceptability is gradually be-coming important. Many plant or microbial polysaccharides have been demonstrated to exhibit sequestering or antioxidant ability due to the abundance of functional groups in the molecule [86] . Pan and Mei (2010) described the antioxidant action of EPS from Lactococcus lactis subsp lactis 12.
Microorganism
New evidence increasingly suggests the correlation of human IADS with the microbial organisms in the gastrointestinal tract. Specific lineages with physiological and antioxidant activities have a major impact on the management of the levels of oxidative stress in the lumen, among the mucosa cells and even in blood to support the functionality of the IADS in the human body. A lineage of Lactobacillus fermentum ME-3 (LfME-3) with antioxidant, antimicrobial and antiatherogenic properties was patented by the University of Tartu and proven to be 80 to 100 times more potent in vitro in sequestering the superoxide anion radical than Trolox or ascorbic acid. This lineage expresses Mnb superoxide dismutase (Mn SOD) activity, which effectively eliminates hydroxyl and peroxyl radicals and has the complete glutathione system (GSH, GPx, glutathione reductase -Gred) necessary for the recycling, transportation and synthesis of glutathione [5] .
According to estimates by the World Health Organization [88] , 3.2 million deaths per year are associated with physical inactivity. A sedentary lifestyle, a term derived from the Latin root "sedere", meaning to be seated, includes physical activities with low energy expenditure that are correlated with obesity, metabolic syndrome, type 2 diabetes and cardiovascular diseases (CVD) [89] . Therefore, new approaches are necessary to reduce the risk of CVD, for which prevention via anti-inflammatory agents and antioxidants is considered to be the "third great wave" [90] .
In contrast to the traditional action of probiotics involving a direct interaction with the host, the action of LAB in the cardiovascular system occurs via the release of bioactive peptides from proteins by L. helveticus during the fermentation process. A functional dairy product, Cardi-04 TM , was developed to reduce blood pressure [91] . A functional cheese with L. plantarum lineage TENSIA (DSM 21380, property of the Bio-competence Centre of Healthy Dairy Products LLC) may reduce blood pressure, both diastolic and systolic (a dose of 10 10 UFC of viable probiotic cells per daily portion), in adults with high blood pressure or healthy adults and elderly individuals [5] .
Recently, new bioactive compounds have been introduced in different medicinal and therapeutic applications. These molecules have been used due to their antioxidant, anti-tumour, anti-inflammatory and anti-viral activities. The EPSs induce cytosine and interferon activity, inhibit platelet aggregation and modulate the immune system [81] . Polysaccharides of Lactobacillus sp. have health benefits. Kefir may be classified as a functional food due to its action at different levels in animals. At doses between 100 and 300 mg/kg in rats, kefiran reduced blood pressure and the levels of blood sugar and cholesterol and displayed a positive effect toward constipation [92] . Other properties were perceived following the oral administration of this polysaccharide, such as anti-inflammatory and antitumour effects and the stimulation of immunoglobulin secretion. In addition, diosgenin, a steroid saponin present in yams (Dioscorea sp.) and fenugreek, displays properties that may be of value in future applications in medicine for the reduction of blood sugar and cholesterol and for the treatment of cholestasis [93] . Hobbs et al. (2012) studied the effect of beet juice and breads with added beets on the change in blood pressure and found strong evidence for a cardioprotective effect and the lowering of blood pressure caused by nitrate-rich plants. Recently, the effect of cardioprotective agents in green-leafed plants and beets has been postulated [95] to be due to the high nitrate content. Given that hypertension is associated with a decrease in the endogenous production of nitric oxide (NO) and that NO can be produced from the nitrate in the diet, new cost-effective strategies for the incorporation of nitrates in the diet are of considerable interest.
